Introduction
Fuel needs are increasing with the increase in the human population [1] [2] [3] . Globally, most fuel oil is derived from fossil fuels, which are non-renewable [4, 5] . The amount of fossil fuels is thus very limited, since the formation process requires millions of years. Conversion and diversification of fuel oil must be done intensively due to the limited oil resources derived from fossil fuels, as fuel consumption is increasing [6, 7] . Bioethanol fuel is a potential substitute for fossil fuels. Unlike fossil fuels, bioethanol is more environmentally friendly because it is a renewable energy source, and it is considered one of the most promising replacements for gasoline as a transport fuel [4, 8] . The utilization of algae as a raw material for bioethanol production is a realistic solution to reduce the use of fossil fuels [8] [9] [10] . The use of Spirogyra algae as a feedstock for bioethanol production has been successfully demonstrated using a fermentation process [11, 12] .
The fermentation of Spirogyra algae is most effectively done using the Hungate technique with the addition of nitrogen gas [13] . The Hungate technique is a method for generating anaerobic conditions by the addition of gas into the fermentor space. Studies on the addition of nitrogen gas using the Hungate technique have shown this gas to be less effective, because nitrogen cannot act as a reducing agent. Unlike nitrogen gas, the addition of hydrogen gas plays a role in anaerobic conditioning as it functions as a reducing agent for the formation of NADH. This is due to the reduction potential of hydrogen is -0.4 V vs. a normal hydrogen electrode (NHE), while the reduction potential of NADH is -0.32 V vs. NHE [13, 14] . The difference in reduction potential allows hydrogen to act as a reducing agent for the formation of NADH. In the metabolism of Saccharomyces cerevisiae cells, NADH functions in the formation of pyruvic acid and ethanol [15, 16] . Therefore, the addition of hydrogen gas into the fermentor space is important to increase the level of NADH by converting NAD C to NADH. The availability of NADH in the fermentation medium will increase the production of ethanol. An increase in NADH in the fermentation medium due to the addition of hydrogen with the Hungate technique will certainly affect the pH of the culture. Culture pH is an important factor in ethanol fermentation, because microbial fermentation will only occur at a given pH. Therefore, determining the initial pH of the fermentation medium is essential to optimize growth during microbial fermentation. Besides the pH, another factor that may affect the ethanol fermentation process due to the addition of NADH is the duration of fermentation. Fermentation time is an important factor in ethanol fermentation because it affects production costs. Therefore, the effect of the use of the Hungate technique through the addition of nitrogen or hydrogen gas is important. This study aimed to determine the effect of different types of gas (nitrogen and CONTACT Sulfahri mynameisfahri@gmail.com hydrogen), the initial pH, and the duration of fermentation on cell biomass, pH, the amount of reducing sugars, and the level of ethanol produced from the fermentation of Spirogyra hyalina hydrolysates using Saccharomyces cerevisiae.
Material and method
Pretreatment and hydrolysis process of Spirogyra hyalina Spirogyra hyalina was collected from a pond located in Surabaya, Indonesia, with the coordinates 07 28'60.44"S and 112 79'65.69"W. Spirogyra hyalina was collected and identified, then dried in an oven at 80 C for 24 hours. Following this, Spirogyra hyalina was dried, then crushed and sieved through a 40 mesh size sieve. The dried Spirogyra hyalina weighed 62.5 g and was mixed with 1 L of distilled water; this was heated for two hours at 100 C, and then cooled to the optimal temperature of the a-amylase enzyme, i.e. 45 C [11, 17] .
The hydrolysis process was initiated by the addition of 8.1 kilo Novo units (KNU) of a-amylase (Liquozyme Supra, Novozymes, Denmark), and incubated for 80 minutes [11, 13] . The hydrolyzed Spirogyra hyalina was then centrifuged at 9000 rpm for 15 minutes. The reducing sugars were then measured in the supernatant using the Luff Scholar method.
Starter preparation of Saccharomyces cerevisiae
Saccharomyces cerevisiae was inoculated into 50 mL Erlenmeyer flasks containing 5 mL of sterile S. hyaline hydrolysate that had been set to pH 4 by adding sodium citrate buffer, then incubated in a rotary shaker with an agitation speed of 15 rpm at 30 C for 24 hours (activation I). A total of 1 mL of activation I was inoculated again into 50 mL Erlenmeyer flasks containing 9 mL of S. hyalina hydrolysate, which was then incubated in a rotary shaker with an agitation speed of 15 rpm at a temperature of 30 C for 24 hours (activation II). A total of 5 mL of activation II was inoculated again into 100 mL Erlenmeyer flasks containing 50 mL of S. hyalina hydrolysate, then incubated in a rotary shaker with an agitation speed of 15 rpm at a temperature of 30 C until the time point at which log phase of S. cerevisiae occurred (in accordance with the growth curve) (activation III) [17, 18] .
Fermentation process
The starter inoculum was added at a concentration of 10% (OD 600nm D 0.5) to a 100 mL bottle fermentor containing 50 mL of the substrate (S. hyalina hydrolysate), then incubated by varying the fermentation duration (0, 24, 48, and 72 h) at room temperature (30 C). The fermentation process was carried out under anaerobic conditions. Anaerobic conditions were ensured using the Hungate technique, namely by injecting nitrogen gas or hydrogen gas into the fermentor. The fermentor was closed with a rubber stopper and then the gas (nitrogen or hydrogen) was supplied for 2 minutes. After that, the fermentation incubation was carried out without agitation, for a duration according to the study design. After the period of incubation (0, 24, 48, or 72 h), the amount of S. cerevisiae biomass, the pH, the reducing sugar concentration, and the ethanol concentration were measured [13, 19] .
Measurement of Saccharomyces cerevisiae biomass
Saccharomyces cerevisiae cell biomass measurements were performed using the dry cell weight (DCW) method. DCW was calculated by first centrifuging 50 mL of fermentation medium at a speed of 9000 rpm for 10 minutes. After centrifugation, a supernatant and a cell pellet were obtained. The supernatant was removed by gentle aspiration using a pipette. The pellet was washed by adding 0.1 M phosphate buffer to the cell pellet, which was centrifuged again at 9000 rpm for five minutes. Pellets were suspended in distilled water and then aspirated using a pipette and transferred to filter paper with a pore size of 0.47 mm, which had previously been heated in an oven until a constant weight was obtained (W1). Filter papers that contained pellets were then dried in an oven at a temperature of 80 C for 24 hours and weighed (W2). DCW was calculated as the difference between the final weight of the filter paper and the initial filter paper weight (W2-W1), which was expressed as the DCW with units of grams/liter (g/L).
Measurement of total reducing sugars
Total reducing sugar measurements were performed using the Luff-Schoorl method. Reducing sugars were determined by the reaction of the water-soluble portion of the sample with an excess of standard copper sulfate in alkaline tartrate (Fehling's solution) under controlled conditions of time, temperature, reagent concentration, and composition. The reducing sugar concentration was estimated by the iodometric determination of the unreduced copper remaining after the reaction [20] .
Measurement of ethanol concentration
Measurement of the ethanol concentration was performed using the specific gravity method and gas chromatography method. The fermentation culture was distilled before its specific gravity was measured using a glass pycnometer at room temperature (30 C).
The specific gravity method is used to measure the ethanol content based on the ratio of the density of a substance (distilled fermentation culture) to the density of a reference substance (distilled water). Specific gravity is then determined using a specific gravity table from the Association of Official Analytical Chemists and the ethanol percentage is calculated [12, 13, 20] .
Results and discussion

Saccharomyces cerevisiae biomass
The success of ethanol fermentation can be determined by assessing microbial growth in the fermentation medium. The biomass of S. cerevisiae (g/L) in Spirogyra hyalina hydrolysate-containing medium is presented in Table 1 . Based on Table 1 , it was found that S. cerevisiae biomass increased with an increased duration of fermentation. Significant increases occurred from 0 to 24 h. After 24 h, the biomass tended to stagnate. The highest amount of biomass occurred with an initial pH 5 for nitrogen gas and at an initial pH 4 for hydrogen gas. According to the ANOVA results, the type of gas and the duration of fermentation significantly affected the biomass of S. cerevisiae. The pH did not significantly affect the biomass of S. cerevisiae.
pH change during the fermentation process
During the fermentation process, acids are produced, such as pyruvic acid and acetaldehyde, which will affect the pH of the fermentation medium. The pH of the fermentation medium is important for microbial growth, because certain enzymes will break down the substrate only at a specific pH [21] [22] [23] . In this study, measurements of pH were carried out at 0, 24, 48, and 72 h. This was done to assess the changes in pH during fermentation. The results regarding the pH value of the culture medium during fermentation in the presence of nitrogen gas and hydrogen gas are presented in Figure 1 . Based on the initial pH of the medium, the Tukey test at the 95% confidence level indicates that there was no significant difference between the initial pH 4, 5 and 6, in the presence of both nitrogen gas and hydrogen gas. In Figure 1 , it can be seen that the pH decreased during fermentation. The decrease in pH was caused by the formation of ethanol metabolites and other products such as organic acids. Organic acid production could lead to a lower pH [12, 21, 24] .
Reducing sugar concentration
The growth of microorganisms in fermentation medium will surely consume the substrate as the carbon source. Reducing sugars are a source of carbon found in S. hyalina hydrolysates. The amount of reducing sugars during the fermentation process was monitored to assess reducing sugar utilization by S. cerevisiae. The amount of reducing sugars consumed by S. cerevisiae in the presence of nitrogen gas and hydrogen gas are presented in Figure 2 . Based on Figure 2 , reducing sugars continued to decrease throughout fermentation. The amount of reducing sugars at the initial fermentation time point (0 h) was 9.12%, which decreased during fermentation. Reducing sugars were not depleted at the end of the fermentation period (72 hours), as the reducing sugar content ranged from 2.27 to 3.82%. Based on the regression calculation, reducing sugars were expected to be depleted between 96 and 120 h of fermentation. S. cerevisiae converts reducing sugars into ethanol [11] [12] [13] . Higher ethanol levels led to a decrease in the reducing sugar content of the fermentation substrate [11, 22, 23] . Figure 1 . Graph of the culture pH value of Saccharomyces cerevisiae in fermentation medium with the presence of nitrogen gas (left) and hydrogen gas (right).
Ethanol concentration
Measurement of the ethanol concentration was conducted using the specific gravity method. The amount of ethanol that was produced by S. cerevisiae in the presence of nitrogen gas and hydrogen gas is presented in Figure 3 . Based on Figure 3 , the ethanol content continued to increase throughout fermentation. Ethanol levels were highest at 72 hours, with the ethanol content ranging from 4.80 to 6.76%. Based on ANOVA followed by the Tukey test at the 95% confidence level, it can be seen that the duration of fermentation affected the level of ethanol. The highest ethanol content was found at an initial pH of 5 in the presence of nitrogen gas and at an initial pH of 4 for hydrogen gas. Therefore, the initial pH of the medium influenced the amount of ethanol produced. The results show that the average levels of ethanol produced in the presence of hydrogen gas tended to be higher when compared to fermentation in the presence of nitrogen gas. The result of the Tukey test at the 95% confidence level indicates that the average levels of ethanol in the presence of hydrogen gas were significantly different to the average levels of ethanol in the presence of nitrogen gas. The highest level of ethanol in the presence of hydrogen gas was 6.76% with the use of reducing sugar as much as 75.05%; the highest level of ethanol in the presence of nitrogen gas was only 5.92% with the use of reducing sugar as much as 63.15%. This is consistent with the results of other studies showing that the presence of hydrogen gas increases the level of ethanol, compared to using nitrogen gas [11] .
The results show that the amount of reducing sugars decreased with an increasing duration of fermentation ( Figure 4) . The more reducing sugars that were used by the microbial cells, the higher the levels of ethanol produced [24, 25] . The use of more reducing sugars will produce higher ethanol levels [22, 23] . Similar results have been reported in other studies, i.e. that higher ethanol levels lead to a decrease in reducing sugars in the fermentation substrate [13] . The decrease in reducing sugar levels accompanied by increased ethanol levels during fermentation under optimum conditions is shown in Figure 4 .
Higher ethanol yields were found with the use of reducing sugars in the presence of hydrogen gas compared to nitrogen gas, showing that hydrogen gas likely acts as a reducing agent for the formation of NADH. NADH has functions in cell metabolism and in the formation of pyruvic acid and ethanol [15, 26, 27] . Figure 2 . Graph of reducing sugar concentration that was generated by S. cerevisiae in the presence of nitrogen gas (left) and hydrogen gas (right). Figure 3 . Graph of ethanol concentration that was produced by S. cerevisiae in the presence of nitrogen gas (left) and hydrogen gas (right).
Therefore, when hydrogen acts as a reducing agent for the formation of NADH, ethanol levels increase, while nitrogen does not act as a reducing agent and cannot increase the ethanol content. The level of ethanol production was higher in the presence of hydrogen gas than nitrogen gas. This premise was supported by the pH, which did not decrease significantly during 72 hours with the addition of nitrogen gas. However, pH decreased significantly over 72 hours with the addition of hydrogen gas. A higher amount of ethanol produced is associated with more pyruvic acid production. Pyruvic acid is an acidic substance that can decrease the pH; thus, the presence of hydrogen gas will decrease the pH more rapidly than the presence of nitrogen gas.
The results show that the S. cerevisiae takes 96-120 h to convert reducing sugars from S. hyalina hydrolysates into ethanol; this is longer than Zymomonas mobilis, which takes only 72 hours [11] . This is because Z. mobilis and S. cerevisiae have different metabolic pathways; Z. mobilis has the Entner-Doudoroff metabolic pathway, while S. cerevisiae has the EmbdenMeyerhof metabolic pathway. S. cerevisiae uses carbon sources through the Embden-Meyerhof pathway, in which 2 moles of ATP are produced per mole of glucose [28, 29] . Meanwhile, Z. mobilis can use glucose, fructose or sucrose as the carbon source via the Entner-Doudoroff metabolic pathway [11, 30, 31] , which produces only 1 mole of ATP per mole of glucose or fructose, so Z. mobilis uses sugar at a higher rate in order to produce enough energy for growth. Because only 1 mole of ATP is produced per mole of sugar, Z. mobilis transforms glucose quickly to provide ATP. This causes Z. mobilis to produce ethanol faster when compared with S. cerevisiae.
Ethanol fermentation using the Hungate technique with hydrogen gas produced 14.19% more ethanol when compared to nitrogen gas. This shows that ethanol fermentation using Spirogyra hyalina should be done by replacing the gas contained in the fermentor space with hydrogen gas. This is supported by other studies showing that the Hungate technique using hydrogen gas increases ethanol production and speeds up the fermentation process [13] . Using the Hungate technique with hydrogen is effective for ethanol formation by Saccharomyces cerevisiae. Subsequent studies are suggested to evaluate the Hungate technique with the addition of nutrients to the fermentation medium. This study also supports the finding that hydrogen serves as a reducing agent for the formation of NADH, which increases the ethanol content.
Conclusion
The highest levels of ethanol and biomass were achieved by Saccharomyces cerevisiae in the presence of hydrogen gas. This shows that hydrogen gas injected into the fermentor space can act as a reducing agent for the formation of NADH, which in the metabolism of S. cerevisiae plays an important role in the formation of ethanol. The highest ethanol levels were achieved by S. cerevisiae in the presence of hydrogen gas at pH 4 after 72 hours of fermentation, i.e. about 6.76% (v/v) ethanol produced with the use of 75.05% reducing sugars.
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